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To cope with the emissions permit trading program, industrial firms have to
change production decisions, which may affect their pollution discharge, labor
demand, and workers’ wage earnings. Using a time-varying difference-in-
differences framework together with robustness checks, this research explores
the impacts of the SO2 emissions trading scheme (SETS) on SO2 emissions,
employment, and wages of industrial firms in China. It was noted that the
program resulted in a remarkable decline not only in SO2 emissions but also in
labor demands and wages. The mechanism analyses further show that emissions
reduction is mainly driven by fossil energy input decrease rather than by
desulfurization technology. The negative effects of employment and wages are
driven by the negative output effect and insufficient technology rather than by the
environmental substitute effect. Our findings contribute to the improvement of
the market-oriented environmental permit trading program and development of
regulated firms in developing countries.
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1 Introduction

Since the reform and opening up in 1978, the economy of China has advanced a lot.
However, long-run growth has brought serious environmental challenges. According to the
Environmental Performance Index report (Wolf et al., 2022), China’s environmental
performance is ranked 120th in 180 countries; its air quality has become the second
worst, which makes pollution abatement a top priority of the society. The Chinese
government has executed a variety of policies and regulations for environmental
conservation. However, environmental protection is tied to economic short-run growth
cuts (Chen et al., 2018). For example, China used to mainly rely on mandatory measures to
curb environmental pollution, which discouraged the enthusiasm of economic entities for
production (Tu and Shen, 2014). Thus, it has long been a critical issue for China on how
economic growth can be kept in balance with environmental protection. A tradable permit
scheme based on the price principle gets the government’s good graces owing to being less
costly. However, even if the tradable program is less costly, it might still impose production
costs, especially labor costs, on regulated firms due to the reallocation of inputs and outputs
(Curtis, 2018). China’s economic growth rate has slowed down, given that there are many
workers who migrate from rural to urban areas, there is a large amount of low-skilled
employment in manufacturing, and keeping a stable employment is an important concern
for policymakers (Liu et al., 2017).
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Particularly, to reduce SO2 emissions, China has initiated the
SO2 emissions trading scheme (SETS) in 2002. As a market-based
instrument, the SETS is mainly aimed at industrial enterprises. Does
it take effect in emissions reduction? In the meanwhile, does this
policy affect labor markets of industrial firms? How does it influence
these? We used the matched firm-level data from the Annual Survey
of Industrial Firms (ASIF) and the Environmental Survey and
Reporting (ESR) to estimate the impact of the SETS on
emissions, employment, and wages of industrial enterprises in
China. The result indicates that the SETS reduces employment
and wages, while decreasing emissions due to decreasing coal
inputs, negative output effects, and insufficient technology. The
key contribution of this study is that we took wages into
consideration to explore the full effects of the SETS on industrial
enterprises’ labor markets in China and clarified the impact
mechanism of the policy, which broadens the existing literature
and is crucial for improving the policy system and promoting
China’s sustainable development.

2 Literature review

Generally speaking, environmental regulations are divided into
administrative measures and market-oriented policy instruments.
Mandatory environmental governance measures are argued as being
not conducive to reducing emissions reduction costs, while market-
oriented emissions trading schemes are more effective than
mandatory tools due to lower pollution abatement costs
(Montgomery, 1972). Some research have examined the effects of
administrative policies on environmental quality and pollution
emissions (Fan et al., 2019; Chen et al., 2022), health and
mortality (Greenstone and Hanna, 2014; Ye and Tao, 2023),
employment and productivity (He et al., 2020; Liu et al., 2021),
and abatement costs and the related economic outcomes (Walker,
2013; Cai et al., 2016). Some studies have also explored the effects of
market-oriented tools, and most of the works emphasize on the
influences of environmental tax/subsidies (Franco and Marin, 2017;
Shouraki et al., 2018) or the impacts of tradable permit schemes,
such as the carbon emissions trading scheme (Wang et al., 2016; Lin
and Jia, 2019; Peng et al., 2023), NOx emissions trading scheme
(Farrell et al., 1999; Linn, 2008; Deschênes, 2017), and SO2 emissions
trading scheme (Färe et al., 2013; 2014). These studies have
examined environmental efficiency and abatement costs (Zhang
and Zhang, 2019; Zhu et al., 2020) and innovation and technology
(Borghesi et al., 2015; Ren et al., 2022). No matter the mandatory
measures or the tradable environmental schemes, most evidence
indicate to environmental improvement that has been brought
about by technical progress or has come at the expense of
economic costs, especially costs that are related to the labor market.

In terms of technical progress, according to Van der Linde and
Porter (1995), appropriate regulations on the environment can
activate technological innovation in the long run. The supporters
state that technological innovation can partially or fully offset the
costs of regulation and achieve a win–win scenario between the
environment and economy (Calel and Dechezleprêtre, 2016). But
opponents argue that environmental regulations may increase
production costs and hinder firms’ technology upgrades (Gray,
1987; Levinsohn and Petrin, 2003). Other researchers consider

that the impact is uncertain (Testa et al., 2011). In terms of
economic costs, the inefficiency or economic losses of the farming
and transport sector have been examined (Abbas et al., 2022; Abbas
et al., 2023). Particularly, the variations from the labor market such as
enterprises’ employment and workers’ income caused by
environmental regulations have been the most concerning issues.
Implementation of the environmental policy may increase
production and abatement costs, limit the production scale, and
decrease the labor demand of enterprises (Abbas et al., 2022).
Meanwhile, an increase in costs will be passed on to product
prices, resulting in lower market demand, lower corporate profits,
and lower wages. However, firms can use tradable permits of
emissions as a competitive element to raise production scales and
profits of enterprises and increase labor demand and wages. The
economic performance is called the output effect (Berman and Bui,
2001; Morgenstern et al., 2002). Considering the effect of
substitution, if pollution management activities of firms occur at
the production process, it will lead firms to shrink production,
transfer costs to product price, and cut down workforce and
wages of enterprises. If firms implement the end-of-pipe
treatment, the operation and maintenance of pollution abatement
equipment may require the enhancement of labor, but abatement
costs from the end-of-pipe treatment will also pass on to the product
price and result in decrease of wages (Sheriff et al., 2019). Some works
have argued that environmental regulations could reduce jobs or
wages (Walker, 2011; Gray et al., 2014), while other scholars have an
opposite view (Martin et al., 2015; Yamazaki, 2017). For example,
Anger and Oberndorfer (2008) found that the EU ETS did not have a
significant impact on the employment of regulated firms. Curtis
(2018) argued that the NOx trading scheme decreased employment
and earnings in the manufacturing sector, while Ren et al. (2020)
considered that China’s SETS significantly increases the labor
demand of regulated firms based on listed enterprise data. This
implies that the overall impact of environmental management on
firms’ wages and on employment still remains unclear and thus
requires clarification of this question.

This work adds to relevant research outcomes in two aspects.
Firstly, we provide comprehensive evidence on the impacts of the
SETS on emissions, labor demand, and wages of industrial firms in a
developing economy. Although a few studies have concentrated on
the SETS, they have either explored Chinese regional outcomes
(Hou et al., 2020), only examined a certain aspect (e.g., production
or innovation) in China (Tang et al., 2020), or focused on developed
countries (Carlson et al., 2000; Benkovic and Kruger, 2001).
Actually, Ren et al. (2020) have examined the impact of China’s
SETS on employment of mining and manufacturing industries
based on listed enterprises data, but the sample size of these data
is not comprehensive. Moreover, estimating an employment effect
alone could not capture the full effects of the labor markets. To
bridge the abovementioned gaps, we gathered and matched an
abundance of firm-level data by combining the ASIF with the
ESR; we took wages into consideration and employed a
framework of time-varying difference-in-differences (DID)
identification to estimate the impact of the SETS on emissions,
employment, and wages. We found that the SETS is effective if it
could motivate the regulated firms to improve production and
pollution discharge technology. Secondly, new empirical proof
drawn from the leading developing nation is offered in the
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research for a debate on the environmental regulation and variation
of the labor market. This study is a pioneering one to look into the
SETS’ impacts on wages in the largest developing economy.

3 Policy background

The SO2 emissions trading scheme is of two stages. The first
stage is the exploration phase (2001–2006). In 2001, Taiyuan
promulgated the first local policy document on the SETS in
China. Furthermore, SETS pilots were formally launched in 2002.
Two business entity, three municipalities, and four provinces (China
Huaneng Group, Liuzhou, Shanghai, Tianjin, Jiangsu, Shandong,
Henan, and Shanxi) were selected as SETS pilot entities or regions.
This scheme had expanded to 727 cities and firms by 2002. Four
provinces and three municipalities in the SETS have traded
25,000 tons of SO2 emissions by 2004, with a transaction volume
exceeding 20 million yuan. In 2007, SETS began entering the second
stage, namely, the intensification phase. The MEP (Ministry of
Environmental Protection) extended pilots, another seven
provinces that included Shanxi, Chongqing, Inner Mongolia,
Zhejiang, Hebei, Hunan, and Hubei have been approved as
regions of the SETS. The pilot regions comprises a diversity of
geographical regions at different economic development levels,
which, according to the statistics by the China Statistical
Yearbook published in 2008, accounts for 56.1% of industrial
SO2 emissions in 2007. This scheme mainly involves the steel,
cement, glass, chemical, mining, and other industries. For the
initial allocation of emissions trading, the MEP caps the total
emissions, and each province is allocated certain quotas based on
its real emissions in a base year. The participant firms have to
purchase initial emissions permits from the local MEP, and the
allowances must not exceed the quantities meeting the
environmental assessment standard. The benchmark price for
SO2 emissions trading is set by the local government, and the
transaction price is decided by market competition subsequently.
The firms are required to apply their emissions allowances to the
production process and could not exceed the allowed permits;
otherwise, it becomes punishable by the MEP by means of fines,
prohibition of emissions, or cancellation of business licenses.

4 Estimation strategy and data

4.1 Estimation strategy

The pilots in the SETS are selected with little interference of the
local governments by the central government, thus this policy is
largely a quasi-natural experiment which allows us to estimate the
effects of the SETS on firms’ emissions and economic performances
using the DD strategy. Specifically, the regression equation is

lnYit � ∂0 + ∂1treati · postt + ∂sXit + φi + τrt + γjt + εit. (1)

In formula (1), lnYit represents the outcomes of our concerns
(logarithm of SO2 emissions, employment, and wages) in i firms
at t years (j indexes industries). treati equals 1 if provinces, cities,
or enterprises are designated as SETS pilots (China Huaneng

Group, Liuzhou, Shanghai, Tianjin, Chongqing, Hebei, Jiangsu,
Shandong, Zhejiang, Shaanxi, Henan, Shanxi, Hubei, Inner
Mongolia, and Hunan) and 0 if otherwise. postt is an
indicator variable that equals 1 if the year is after the start of
the SETS. The program began in one business entity, three
municipalities, and four provinces in 2002 and for another
seven provinces in 2007. For the seven pilots that began in
2002, postt is equal to 1 for 2002 and the years that follow.
With regard to the all other provinces, postt is equal to 1 for
2007 and the years that follow. Xit controls firms’ ages. φi is the
fixed effect of firms, which captures all of the firms’ time-
invariant differences. The variables τrt and γjt represent a set
of region–year and industry–year fixed effects for the control of
non-parametric aggregate time trend and common year-specific
shocks for each region and industry. Specially, the regions
include seven parts (northeast, east, north, central, south,
southwest, and northwest), which are divided based on their
geographic location. εit represents the error. On the level of city,
standard errors are collected for the treatment of serial
correlations and for the handling of heteroskedasticity.

4.2 Data and variables

Data used for empirical research are gathered and matched
from two corporate data sets: one is the Environmental Survey
and Reporting and the other is the Annual Survey of Industrial
Firms. We also used official statistical publications, which consist
of the city-level China City Statistical Yearbook and the China
Statistical Yearbook. We finally constructed a data set
incorporating each firm’s environmental conditions and
financial situation, city, and province, covering the time
period from 1998 to 2007. In order to get the real output
value and wage levels, we also used the producer and
consumer price index data from the China City Statistical
Yearbook and from the China Statistical Yearbook to deflate
nominal outputs and wages. Furthermore, we discard the
observed data that evidently go against accounting rules, for
instance, the case of current depreciation exceeding the
cumulative depreciation and the case of fixed assets (or net
fixed assets) exceeding the total assets. In Table 1, we present,
in detail, the definitions of the variables and summaries of the
results. In Table 1, the amount of industrial SO2 emissions for
each firm is approximately 80,000 kg on average; the annual
number of employees is 380.7 persons on average, and the
annual total payable wages are 4,391 thousand CNY on
average. The minimum operating profit of every enterprise is
negative. Table 1 demonstrates that every variable exhibits great
variations.

The estimates of this research rely on the identification
assumption that the firms arranged for the SETS and the non-
SETS have common trends in SO2 emissions, employment, and
wages before implementing the policy. To verify the validity of the
identifying strategy, the method of event study by Jacobson et al.
(1993) is adopted to check on the identification assumption. Figure 1
presents the coefficients for the time trend of SO2 emissions,
employment, and wages between the SETS and non-SETS firms
with a 95% confidence interval. The result shows that all the
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estimates in SO2 emissions were positive before the policy was
enacted, but the coefficients dropped to negative and were
statistically significant after the adoption of the treatment,
indicating that SETS and non-SETS firms have common trends
in SO2 emissions before policy intervention. In addition, the
differences in the number of workers were significantly positive

prior to the treatment, but after the treatment in 2002, these
differences declined to become negative, and this situation
persisted with an increasing magnitude. The estimates for wages
were positive before implementing the SETS and despite some
fluctuations, the coefficients became negative since 2004,
suggesting certain lagging impacts that the change in policies

TABLE 1 Variable definition and summary statistics.

Variable Definition Mean SD Min Max Obs

Outcome variables SO2 Total industrial SO2 emissions (kg) 80,000 360,000 0 6.300e+07 173,263

Worker Annual average number of employees (person) 380.7 451.9 10 26,000 189,434

Wage Total payable wages (103 yuan) 4,391 6,665 0.985 270,000 189,434

Control variables Age Firm age (year) 15.50 14.11 1 69 189,449

Mechanism variables lntfp Total factor productivity (logarithm) 2.78 0.995 0.103 5.367 189,449

rd Research and development expenditure (103 yuan) 316.7 3,668 0 630,000 87,155

zjz Industrial added value (103 yuan) 22,000 38,000 −49,000 7.400e+06 165,650

Output Industrial output value (103 yuan) 80,000 140,000 0 1.500e+07 189,433

opprofit Operating profit (103 yuan) 3,238 13,000 −520,000 1.500e+06 189,434

fqzlsss Number of waste gas treatment facilities (sets) 2.298 5.432 0 640 164,967

tlsss Number of desulfurization facilities (sets) 0.257 1.091 0 68 35,615

mtxfzl Industrial coal consumption (tons) 9,599 46,000 0 4.000e+06 129,136

Fuel coal Fuel coal consumption (tons) 3,659 18,000 0 4.000e+06 166,155

SO2 removal Sulfur dioxide removal (kg) 47,000 790,000 0 8.600e+07 145,439

tlnl Desulfurization capacity of the desulfurization facility (kg/h) 63.60 2,964 0 500,000 35,615

Note: Data are compiled based on the years 1998–2007 from the ASIF.

FIGURE 1
Parallel trend test for firm-level SO2 emissions, employment, and wages. Note: The figure illustrates the time trends of industrial SO2 emissions
between the SETS and that of non-SETS firms. The omitted time category is 2002. In particular, the year 2003 is omitted owing to the lack of data. The
estimation includes fixed effects of firms, region–year, and industry–year. Standard errors are clustered at the city–year level.
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exerted on the wages of enterprises. The results indicate that SETS
and non-SETS firms have common trends in SO2 emissions,
employment, and wages, which provide an identifying basis.

5 Major results

5.1 Baseline estimates

Table 2 presents the baseline results. The estimates for SO2

emissions are in given in Column (1), which includes the control
variable and fixed effects of firms and years. SO2 emissions dropped
more evidently in SETS firms than in non-SETS firms after the
policy was put into effect. Column (2) incorporates the control
variable and fixed effects of firms, further adding the region–year
and industry–year fixed effects to keep common year-specific shocks
across regions and industries in check. The result shows that the
SETS proves to have a remarkable negative influence on SO2

emissions of designated firms. Our estimate in Table 2 indicates
a 10% decrease of SO2 emissions in designated firms when compared
to non-SETS firms.

Columns (3)–(4) in Table 2 report the results of the SETS effects
on firm employment. The SETS firms undergo a labor demand
decline in comparison with the non-SETS firms. Column (5)
presents a simple DD estimation for workers’ wages with fixed
effects in terms of firms and years. We find an evidently negative
interaction. The estimation of Column (6) also shows a significantly
negative interaction with increasing magnitude when including the
control variable, fixed effects of firms, region–year, and
industry–year, suggesting that the SETS has a significant negative
effect on workers’ wages of firms. Workers and wages of regulated
firms had declined, respectively, by 2.3% and 3% due to the SETS
policy.

5.2 Robustness checks

5.2.1 Exclusion of confounding effect from the SO2

Two Control Zones
The central government proposed an SO2 emissions reduction

program in 1998, which was designed to build regional control zones
that suffered the most SO2 emissions and acid rains, i.e., the SO2

Two Control Zones (TCZ). This policy was intended to lessen SO2

emissions, hence a possible concern is that the results of our
estimation may be influenced by the TCZ policy. To address this
problem, we added the variable TCZ T to control the impact of the
TCZ policy, where the variable equals 1 if a city is categorized into
the pilot group in TCZ in year T and later; otherwise, it equals 0. As
proved by the results in Table 3, the SO2 emissions, employment,
and wage effects are continuously significantly negative, which
implies that there is no evident influence resulting from the TCZ
policy.

5.2.2 A placebo test with randomization of the
treatment

With the intention to avoid the potential interference of omitted
variables in the estimation results, 14 provinces are randomly
selected from a total of 30 sampled provinces, and we assign the
SETS status treatfalse to enterprises in the 14 selected provinces. In a
similar way, the timing of adoption of the new evaluation-based
shock postfalse to firms is generated randomly, and then we
constructed a new regressor tfalse × postfalse, with the equation
being reexamined. For the purpose of removing potential rare
events’ contamination so as to strengthen the test reliability, the
random assignment is performed as many as 500 times. The
distributions of the estimated coefficients in terms of SO2

emissions, workers, and wages are plotted in Figure 2. We find
that all distributions are narrowly approximated to 0, and the

TABLE 2 Effects of the SETS on emissions, employment, and wages of industrial firms.

(1) (2) (3) (4) (5) (6)

lnSO2 lnSO2 lnworker lnworker lnwage lnwage

Treat × post −0.087*** −0.100*** −0.015* −0.023*** −0.025* −0.030**

(0.031) (0.036) (0.008) (0.009) (0.013) (0.013)

Age 0.000** 0.000 0.000 0.000 0.000** 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

_Cons 9.927*** 9.931*** 5.481*** 5.483*** 7.755*** 7.756***

(0.010) (0.011) (0.003) (0.003) (0.005) (0.005)

Firm fixed effects Y Y Y Y Y Y

Year fixed effects Y Y Y

Region–year fixed effects Y Y Y

Industry–year fixed effects Y Y Y

N 130,458 130,435 169,074 169,057 169,074 169,057

R2 0.820 0.823 0.927 0.928 0.895 0.897

Note: The values in parentheses are standard errors; *, **, and *** indicate statistical significance at 10%, 5%, and 1% levels, respectively. Standard errors in parentheses are clustered at the

city–year level.
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TABLE 3 Impacts of the SETS on industrial firms (exclusion of the effect from the TCZ policy).

(1) (2) (3) (4) (5) (6)

lnSO2 lnSO2 lnworker lnworker lnwage lnwage

Treat × post −0.087*** −0.100*** −0.015* −0.024*** −0.025* −0.030**

(0.031) (0.036) (0.008) (0.009) (0.013) (0.013)

TCZ_T 0.057 −0.001 0.059** 0.075*** 0.114** 0.126**

(0.098) (0.094) (0.030) (0.029) (0.052) (0.053)

Age 0.000** 0.000 0.000 0.000 0.000** 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

_Cons 9.886*** 9.931*** 5.437*** 5.427*** 7.670*** 7.662***

(0.072) (0.069) (0.022) (0.022) (0.039) (0.040)

Firm fixed effects Y Y Y Y Y Y

Year fixed effects Y Y Y

Region–year fixed effects Y Y Y

Industry–year fixed effects Y Y Y

N 130,458 130,435 169,074 169,057 169,074 169,057

R2 0.820 0.823 0.927 0.928 0.895 0.897

Note: The values in parentheses are standard errors; *, **, and *** indicate the statistical significance at 10%, 5%, and 1% levels, respectively. TCZ refers to the Two Control Zones policy.

Standard errors in parentheses are clustered at the city–year level.

FIGURE 2
Placebo test. Note: The orange curve plots the kernel density distribution of the estimates, while the orange dots are associated with the p-values.
The horizontal red dashed line indicates that the p-value is equal to 0.1.
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p-values of the majority of estimates exceed 0.1, implying that the
estimation equation is not mis-specified and the results are robust.

5.3 Heterogeneity analysis

An interesting question is that whether the effect of the SETS on
SO2 emissions, labor, and wages of firms varies by ownership, size,

and technology, which gives us an insight into the way that firms of
different sorts shoulder the burden of environmental regulations. As
shown by the results in terms of firm ownership in Table 4, it is the
private firms that primarily contribute to emissions reduction and
bear the loss of employment and wages, while state-owned
enterprises (SOEs) are not significantly impacted by the SETS in
terms of their SO2 emissions, workers, and wages, indicating that
SOEs are controlled or invested in by the central or local

TABLE 4 Effects of the SETS on industrial enterprises (by ownership).

(1) (2) (3) (4) (5) (6)

State-owned firms Non-state–owned firms

lnSO2 lnworker lnwage lnSO2 lnworker lnwage

Treat × post −0.080 −0.015 −0.016 −0.109*** −0.028*** −0.035**

(0.061) (0.013) (0.018) (0.039) (0.010) (0.014)

Age 0.000 0.000*** 0.000*** 0.000 0.000 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

_Cons 10.167*** 6.112*** 8.155*** 9.892*** 5.374*** 7.689***

(0.012) (0.003) (0.003) (0.012) (0.003) (0.005)

Firm fixed effects Y Y Y Y Y Y

Region–year fixed effects Y Y Y Y Y Y

Industry–year fixed effects Y Y Y Y Y Y

N 19,258 23,562 23,562 107,735 141,293 141,293

R2 0.844 0.949 0.930 0.827 0.924 0.895

Note: The values in parentheses are standard errors; *, **, and *** indicate the statistical significance at 10%, 5%, and 1% levels, respectively. Standard errors in parentheses are clustered at the

city–year level.

TABLE 5 Effects of the SETS on industrial enterprises (by technology types).

(1) (2) (3) (4) (5) (6)

High-technology firms Low-technology firms

lnSO2 lnworker lnwage lnSO2 lnworker lnwage

Treat × post −0.060 −0.025 −0.032 −0.091** −0.023** −0.031**

(0.054) (0.017) (0.021) (0.038) (0.009) (0.014)

Age −0.000 0.001 0.001 0.000 0.000* 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

_Cons 9.181*** 5.420*** 7.830*** 10.011*** 5.492*** 7.749***

(0.019) (0.009) (0.011) (0.011) (0.003) (0.005)

Firm fixed effects Y Y Y Y Y Y

Region–year fixed effects Y Y Y Y Y Y

Industry–year fixed effects Y Y Y Y Y Y

N 12,123 17,209 17,209 117,564 150,796 150,796

R2 0.815 0.947 0.924 0.823 0.928 0.896

Note: The values in parentheses are standard errors; *, **, and *** indicate the statistical significance at 10%, 5%, and 1% levels, respectively. Standard errors in parentheses are clustered at the

city–year level.
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government. Compared with private firms, they can get more
preferential policies and financial subsidies, therefore SOEs face
less stringent enforcement of the SETS.

In addition, we explore the heterogeneity by technology types.
According to the National Bureau of Statistics, we classify the
industry into high- and low-technology industries. High-tech
industries consist of computer manufacturing, pharmaceutical
manufacturing, aviation and aerospace, electronics and
telecommunication, information chemicals, and medical
equipment. Other industries are low-tech industries. As shown
by the results in Table 5, the SETS significantly reduces SO2

emissions, employment, and wages of low-technology industry
firms but has no significant impact on those of high-technology
industry enterprises. The reason for this result may be because low-
technology firms are typically labor intensive and energy intensive,
their production technology and operating performance are
relatively lagged, and they are more sensitive to the policy shock.

5.4 Mechanism analysis

5.4.1 Mechanism analysis of SO2 emissions
Fossil fuels are the main contributors of ambient pollution in the

process of manufacturing. In general, the more the fossil fuels such
as coal are consumed, the greater the emissions such as SO2

emissions. Meanwhile, the “end-of-pipe” treatment skills like
desulfurization capacity may also affect the emissions of flue gas,
and the desulfurization capacity can be seen as the pollution
treatment technology. Emissions abatement is derived from
energy reduction or technological advancement. To this end, we
use the total industrial coal consumption and fuel coal consumption
as the proxy of fossil energy. In addition, the removal rate of SO2 at
the firm level is estimated with the proportion of the total quantity of
removed SO2 over the sum of removed SO2 and emitted SO2. We
collect desulfurization capacity data of firm-level desulfurization

facilities and use the data and firm-level SO2 removal rate as the
proxy of pollution treatment technology. We explore the effects of
the SETS on fossil energy and SO2 treatment technique to clarify the
channel of SO2 emissions abatement. As implied by the estimates in
Table 6, a significantly negative coefficient in coal and fuel
consumption is seen, but there are no significant impacts on SO2

desulfurization capacity and technology. These results suggest that a
reduction in SO2 emissions is derived from a decrease of fossil
energy input rather than an improvement in desulfurization
technology.

5.4.2 Mechanism analysis of employment and
wages

The output effect generally means that the environmental
regulation stimulates a firm to raise production scales, output
values, and profits by improving technological innovation or firm
competitiveness, resulting in an increase of the firm’s workers and
wages; otherwise, it means the opposite. The substitute effect implies
that pollution control activities in the production process or “end-
of-pipe” treatment shrink the firm’s production scale and outputs, or
the operation and maintenance of pollution abatement facilities may
require more labor, leading to a decrease or an increase of workers
and wages. Following this theory, we select the total industrial
output value, the operating profit, and the industrial added value
to be proxies of the output effects. The installation of flue gas
treatment facilities and desulfurization units are used as proxies of
the substitute effects. Furthermore, the total factor productivity
(TFP) and R&D expenditures of industrial enterprises are
employed as proxies of technology and innovation. Economic
performances of firms are influenced by the output effects or
substitute effects and are derived from technology. As indicated
by the results shown in Table 7, the coefficients are significantly
negative in aspects of industrial outputs and profits, but the results
are not significant in the substitute effect of pollution treatment.
Specifically, the SETS significantly reduced the total industrial

TABLE 6 Influence channel of SO2 emissions reduction.

(1) (2) (3) (4)

lnmtxfzl lnfuelcoal SO2r lntlnl

Treat × post −0.042*** −0.043* 0.008 0.071

(0.015) (0.022) (0.008) (0.180)

Age 0.002*** 0.000 0.000 −0.009

(0.001) (0.000) (0.000) (0.013)

_Cons 7.713*** 7.223*** 0.131*** 2.882***

(0.010) (0.006) (0.002) (0.264)

Firm fixed effects Y Y Y Y

Region–year fixed effects Y Y Y Y

Industry–year fixed effects Y Y Y Y

N 89,054 104,579 104,271 2,620

R2 0.929 0.878 0.656 0.838

Note: The values in parentheses are standard errors; *, **, and *** indicate the statistical significance at 10%, 5%, and 1% levels, respectively. Standard errors in parentheses are clustered at the

city–year level.
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output value, industrial added value, and operating profits of the
regulated enterprises in the pilots, but the decreasing extent of the
total industrial output and industrial added value is smaller
(0.054 and 0.027, respectively), while the decline extent of the
operating profits is greater (0.133). This indicates that the relative
contribution of the operating profits decline driving a lower labor
performance that is larger than the output reduction. Although the
policy has a significant positive effect on R&D expenditures of
regulated firms, its impact on the TFP is not significant. This
indicates that the program promotes regulated firms to jack up
expenditures of research and development, but the R&D-based
technology transformation of firms is insufficient, which is why
the policy exerts a significant negative influence on the outputs of
regulated enterprises. Therefore, the decline of the SETS on the
employment and wages of enterprises in pilots mainly derives from
the negative output effect and inadequate technological progress.

6 Analysis of economic costs

This study presents an economic cost analysis of the SETS,
namely, the trade-offs between SO2 emissions and labor market
performances. The result shows that the SETS reduced the logarithm
of SO2 emissions by 0.1. Given that the control mean levels of SO2

emissions are 17.436 tons, the estimation result indicates that the
policy led to a decrease in SO2 emissions by 17.436 × 0.1 = 1.7436.
For employment, the policy led to an average decline in employees
by 2.3 percentage points. The average number of workers in the
sample period is 380.728 persons. Therefore, the result means a loss
in employment (380.728 × 0.023 = 8.757), which suggests that one
ton of reduction in industrial SO2 emissions would result in five
persons’ unemployment (8.757/1.7436 = 5.022). For wages, the
policy resulted in an average decrease in wages by 3 percentage
points. The average wage levels during our sample period are
4,391.53 × 103 Chinese Yuan (CNY). We deflate all firm-level

wage values using the provincial consumer price index of each
year and take the year 1998 as the baseline. Therefore, a 3%
reduction in wages means a loss of 131.746 thousand CNY
(4,391.53 × 103 × 0.03 = 131.746 × 103). In other words, one ton
of reduction in industrial SO2 emissions would be at the cost of
nearly 76 thousand CNY wages (131.746 × 103/1.7436 =
75.561 × 103).

7 Conclusion

This work examines how the SO2 emissions trading scheme
influences SO2 emissions, employment, and wages of industrial
enterprises in China. Through research, it is noted that the
emissions trading program evidently reduces SO2 emissions,
employment, and wages of firms with environmental regulations.
After a series of robustness checks, the results were found to be
consistent. The heterogeneity analyses show that emissions
reduction, the loss of employment, and wages from the SETS are
mainly derived from private firms, large firms, and low-technology
firms. Furthermore, the mechanism analyses indicate that firm-level
SO2 emissions reduction is driven by fossil energy input decrease
rather than by desulfurization technology. The negative effects of
firm-level employment and wages are driven by the negative output
effect and insufficient innovations rather than by the environmental
substitute effect.

This study has several policy implications. Firstly, the industrial
enterprises should accelerate technological innovations, especially
clean production technology and pollution treatment technology.
This can help firms improve production and productivity and
reduce input and pollution. Secondly, the government should
unceasingly consummate the market mechanism of the SO2

emissions trading program, bring full play into the
competitiveness of enterprises, stimulate firm technology
innovations, and expand market share to raise employment and

TABLE 7 Influence channel of employment and wages.

(1) (2) (3) (4) (5) (6) (7)

lnzjz lnoutput lnopprofit fqzlsss tlsss lntfp lnrd

Treat × post −0.027* −0.054*** −0.133*** −0.013 0.008 0.010 0.122*

(0.015) (0.015) (0.036) (0.067) (0.030) (0.014) (0.072)

Age 0.000*** 0.000* 0.000 0.000 −0.003* 0.000 0.002

(0.000) (0.000) (0.000) (0.000) (0.002) (0.000) (0.004)

_Cons 9.323*** 10.578*** 7.176*** 2.391*** 0.328*** 2.767*** 5.890***

(0.005) (0.005) (0.012) (0.018) (0.037) (0.004) (0.088)

Firm fixed effects Y Y Y Y Y Y Y

Region–year fixed effects Y Y Y Y Y Y Y

Industry–year fixed effects Y Y Y Y Y Y Y

N 144,638 168,501 113,636 147,311 24,480 169,043 8,576

R2 0.872 0.883 0.780 0.756 0.777 0.826 0.836

Note: The TFP value was estimated by using the Olley and Pakes (1996) approach. The values in parentheses are standard errors; *, **, and *** indicate the statistical significance at 10%, 5%, and

1% levels, respectively. Standard errors in parentheses are clustered at the city–year level.
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income of workers. Finally, supporting policies can be put forward
by policymakers so as to avoid potential negative effects of the SETS
on employment and wages of firms. For example, appropriate
financial support or subsidies should be given to the firms with
good environmental performance, or reemployment training should
be targeted at the laid-off workers.

This study also has some limitations. Our sample period is a little
short because of the lack of data. Moreover, due to the lack of data on
the specific types of workers, we only estimated the overall employment
effect of the SETS on workers. Future research could concentrate on the
effects of the policy on staff groups such as male staff and female staff
and skilled staff and unskilled staff. In addition, the study can also be
expanded to other environmental permit trading programs such as the
energy use permit trading scheme.
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